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(54) Antenna 

(57) An antenna comprising an electrical reference 
plane; a planar conductive element, the electrical refer- 
ence plane and planar conductive element being elec- 
trically coupled via a first coupling means to define a first 
antenna resonant frequency; and a second coupling 



means arranged to provide a high impedance path be- 
tween the electrical reference plane and the planar con- 
ductive element at the first resonant frequency and a 
lower impedance path between the electrical reference 
plane and planar conductive element at a second fre- 
quency to define a second antenna resonant frequency. 
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Description 

[0001] This invention relates to an antenna, and in 
particular a dual resonance antenna. 
[0002] With the increasing demand tor mobile com- 
munications different cellular standards have been de- 
veloped, many of which operate atdifferentfrequencies. 
For example, the global system for mobile communica- 
tion (GSM) standard defines the primary frequency 
band for GSM as being from 890 MHz to 960 MHz ; while 
the digital cellular system (DCS) standard defines the 
primary frequency band for DCS as being from 1710 
MHz to 1880 MHz. 

[0003] The different cellular systems can operate in 
isolation or together. To maximise the use of these dif- 
ferent cellular systems and increase the use and mobil- 
ity of mobile communication devices it is desirable for 
mobile communication devices to be able to roam be- 
tween the different cellular systems. 
[0004] To allow a mobile communication device to 
roam between cellular systems having different operat- 
ing frequencies the communication device will typically 
need a dual resonance antenna with one resonating el- 
ement tuned to one cellular system and a second reso- 
nating element tuned to another cellular system. The du- 
al resonance antenna, otherwise known as a dual band 
antenna, may be in the form of two physically separate 
antenna housings having separate resonating elements 
that are fed via the antenna feed. Alternatively, the an- 
tenna may have two resonating elements physically 
coupled in the same housing, with each element having 
a different resonant frequency. 

[0005] However, as electronic and communications 
technologies have advanced, there has been a drive to 
increase the performance and decrease the size of con- 
sumer devices. In particular, in the field of mobile com- 
munications, there has been continual demand for in- 
creasingly smaller communications devices, such as 
telephones, computers and personal organisers, but 
without a decrease in performance. However, as elec- 
tronic equipment has rapidly reduced in physical size 
due to the development of integrated circuits, the anten- 
na for communication equipment still remains large 
compared with the equipment itself. 
[0006] From the point of view of facilitating the oper- 
ation of mobile communication devices low profile an- 
tennae suitable for mounting within a communication 
device have become increasingly popular. An example 
of such an antenna is a planar inverted antenna where 
coupling the resonating element to a ground plane to 
produce a planar inverted F antenna (PI FA) can halve 
the length of the resonating element. 
[0007] A PI FA comprises a flat conductive sheet sup- 
ported a height above a reference voltage plane such 
as a ground plane. The sheet is typically separated from 
the reference voltage plane by a dielectric, for example 
air. A corner of the sheet is coupled to the ground via a 
grounding stub, otherwise known as a shorting pin, and 



a feed is coupled to the flat sheet near the grounded 
corner for driving the antenna. The feed may comprise 
the inner conductor of a coaxial line. The outer conduc- 
tor of the coaxial line terminates on and is coupled to 
5 the ground plane. The inner conductor extends through 
the ground plane, through the dielectric (if present) and 
to the radiating sheet. 

[0008] The PI FA forms a resonant circu it having a ca- 
pacitance and inductance per unit length. The feed point 

10 is positioned on the sheet a distance from the shorting 
pin such that the impedance of the antenna at that point 
matches the output impedance of the feed line, which is 
typically 50 ohms. The main mode of resonance for the 
PIFA is between the short circuit and the open circuit 

15 edge. Thus the resonant frequency supported by the PI- 
FA is dependent on the length of the sides of the sheet 
and to a lesser extent the distance and the thickness of 
the sheet. 

[0009] However, a dual band PIFA antenna having 
20 two resonating elements still increases the size of the 
antenna thus compromising the ability of the antenna to 
be mounted within a communication device. 
[001 0] In accordance with an aspect of the present in- 
vention there is provided an antenna comprising an 
25 electrical reference plane; a planar conductive element, 
the electrical reference plane and planar conductive el- 
ement being electrically coupled via a first coupling 
means to define a first antenna resonant frequency; and 
a second coupling means arranged to provide a high 
30 impedance path between the electrical reference plane 
and the planar conductive element at the first antenna 
resonant frequency and a lower impedance path be- 
tween the electrical reference plane and planar conduc- 
tive element at a second frequency to define a second 
35 antenna resonant frequency. 

[0011] This provides the advantage of a dual band an- 
tenna having a smaller size than a conventional low pro- 
file dual resonance antenna. 

[0012] The overall electrical length of the planar con- 
40 ductive element determines the antenna's resonant fre- 
quency. When the planar conductive element, otherwise 
know as a resonator element, has a single coupling to 
the reference plane the electrical length, and hence res- 
onance, is determined by the length and width of the 
45 resonator element with respect to the coupling. When 
the resonating element has a second coupling tothe ref- 
erence plane the electrical length is determined by the 
width of the element and the distance between the two 
coupling points. Thus a single resonator element can 
50 have a number of different electrical lengths depending 
on how the element is electrically coupled to the electri- 
cal reference plane. 

[0013] Further, the first resonant frequency can be 
tuned by varying the length of the resonator element 
55 while the second resonant frequency can be tuned by 
altering the position of the coupling of the second cou- 
pling means to the resonator element. Thereby, the 
present invention provides the advantage of allowing 
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the first and second resonant frequencies to be tuned 
substantially independently. 

[001 4] Generally the antenna includes a feed section 
comprising the first coupling means and a conducting 
element arranged parallel to each other with the con- 
ducting element being connected to a feed such that the 
first coupling means and the conducting element form 
a transmission line. 

[0015] Since the feed section is arranged as a trans- 
mission line, energy is contained and guided between 
the conductors of the transmission line. This results in 
a low Q factor and hence a higher impedance bandwidth 
for the first resonant frequency compared with conven- 
tionally fed planar antennas. Thus, the bandwidth is in- 
creased considerably while retaining the efficiency, size 
and ease of manufacture of planar antennas. 
[0016] Suitably, the second coupling means compris- 
es a filter. 

[0017] By using a filter which has a high impedance 
at the first resonant frequency and a low impedance at 
the second resonant frequency the planar conductive 
element can have two resonant frequencies simultane- 
ously. 

[0018] Preferably, the second coupling means com- 
prises a switch movable between a first position for elec- 
trically isolating the electrical reference plane and planar 
conductive element and a second position for electrical- 
ly coupling the electrical reference plane and planar 
conductive element. 

[001 9] The invention will now be described, by way of 
example only, with reference to the accompanying 
drawings, in which: 

Figure 1 shows an antenna according to a first em- 
bodiment of the present invention; 

Figure 2 illustrates the current flow for an antenna 
according to the present invention when operating 
at a first resonant frequency; 

Figure 3 illustrates the current flow for an antenna 
according to the present invention when operating 
at a second resonant frequency; 

Figure 4 shows an antenna according to a second 
embodiment of the present invention; 

[0020] In a first embodiment, shown in figure 1 , is a 
radiotelephone 1 0 having an antenna 1 . The antenna 1 
comprises a planar conductive element 2, otherwise 
known as a resonator element, disposed opposite an 
electrical reference plane 3, commonly a ground plane. 
A feed section 4 provides both the feed 4a to drive the 
resonator element 2 and a first coupling means 4b for 
coupling the resonator element 2 to the ground plane 3. 
The first coupling means 4b in this embodiment com- 
prises a planar coupling strip. The feed 4a is coupled to 
transmission line 5 which conducts a received and/or 



transmitted RF signal between the feed 4a and a trans- 
ceiver (not shown). 

[0021] The feed 4a and planar coupling strip 4b are 
positioned in parallel to form a transmission line as de- 
5 scribed in GB patent application 9811669. 

[0022] The coupling point of the planar coupling strip 
4b to the resonator element 2 defines an electrical point 
A on the resonator element 2, which acts as a first cur- 
rent source. The electrical point A defines an electrical 
edge on the resonator element from which the electrical 
length of the resonator element 2 is defined. 
[0023] The electrical length of the resonant circuit de- 
termines the resonant frequency of the antenna. There- 
fore, when resonator element 2 is coupled to ground 
plane 3 solely by the planar strip 4b the electrical length 
of the resonator element 2 extends from the open circuit 
on an edge 6 of the resonator element 2 to point A (oth- 
erwise known as grounding point A) at which the planar 
strip meets the resonator element. Figure 2 illustrates 
typical current flows B in the resonator element when 
resonating at the first resonant frequency. 
[0024] As would be appreciated by a person skilled in 
the art variations in the width of resonator element 2 can 
also result in variations in resonant frequency and band- 
width of the antenna 1 . 

[0025] The portion of the feed section 4 adjacent the 
ground plane 3 has an impedance which matches the 
impedance of the line of the ground plane (typically 50 
ohms). The portion of the feed section 4 adjacent the 
resonator element 2 has an impedance which matches 
the impedance at the feed point of the resonator element 
2, typically of the order of 200 ohms. The impedance 
varies along the length of the feed section 4 in a uniform 
manner. 

[0026] The resonator element 2 is also coupled to the 
ground plane 3 via filter 7. The filter characteristics are 
chosen so filter 7 acts as a high impedance path at the 
resonant frequency of the resonator element 2 as de- 
termined by the electrical length of the resonator ele- 
ment as described above (i.e. a first resonance frequen- 
cy). This may, for example, correspond to the GSM fre- 
quency range centred around 925 MHz. The impedance 
of the filter 7 in this frequency range will generally be 
greater than 5000 ohms. 

[0027] The filter 7 is also chosen to have a lower im- 
pedance, typically less than 5 ohms, at a higher frequen- 
cy (i.e. at the required second frequency), for example 
1795 MHz for the DCS standard. This provides a second 
grounding point C on the resonator element when the 
resonator element is required to resonate at this higher 
frequency. 

[0028] The second grounding point C acts as a sec- 
ondary current source effectively altering the electrical 
length of the resonator element 2 and hence the reso- 
nant frequency. Figure 3 shows a typical current flow 
when grounding point A acts as a first current source 
and the second grounding point C acts as a second cur- 
rent source. 
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[0029] The electrical length of the resonator element 
is determined in part, by the distance between the 
grounding point A and C and will be shorter than the 
electrical length of resonator element 2 with a single 
grounding point. 

[0030] The grounding point C is coupled to the reso- 
nator element 2 at a position to provide an electrical 
length that corresponds with the required second reso- 
nance frequency, for example 1795 MHz. 
[0031] The first resonant frequency of the resonator 
element 2 can be tuned by varying the length of the res- 
onator element 2, independently of the second resonant 
frequency. Correspondingly, the second resonance fre- 
quency of the resonator element 2 can be tuned by var- 
ying the position of the grounding point C, independently 
of the first resonant frequency. 

[0032] Additionally, by using a filter 7 to couple the 
resonator element 2 to the ground plane 3 at a second 
grounding point the antenna 1 is able to operate at the 
first and second resonant frequencies simultaneously. 
[0033] In a second embodiment, as shown in figure 4, 
the filter 7 is replaced by a switch 8 that is controlled by 
controller 9. When the switch 8 is in an open position (i. 
e. open circuit) the resonant frequency is determined, 
in part, by the length of the resonator element 2 with 
respect to the grounding point A. When the switch 8 is 
in a closed position (i.e. closed circuit) the resonant fre- 
quency is determined, in part, by the distance between 
the grounding points A and C in the same manner as 
described above. Examples of suitable switches are PIN 
diode, MOSFET, transistor and magnetic field switches. 
[0034] In view of the foregoing description it will be 
evident to a person skilled in the art that various modi- 
fications may be made within the scope of the invention. 
The applicant hereby gives notice that new claims may 
be formulated to such features during prosecution of this 
application or of any such further application derived 
therefrom. For example, it will be appreciated that addi- 
tional resonating frequencies can be created by includ- 
ing on the resonator element additional grounding 
points coupled to the ground plane via either a switch 
or filter. Further by varying the size of the grounding 
points on the resonator element the bandwidth of the 
resonant frequencies can be varied. 

Claims 

1. An antenna comprising an electrical reference 
plane; a planar conductive element, the electrical 
reference plane and planar conductive element be- 
ing electrically coupled via a first coupling means to 
define a first antenna resonant frequency; and a 
second coupling means arranged to provide a high 
impedance path between the electrical reference 
plane and the planar conductive element at the first 
resonant frequency and a lower impedance path 
between the electrical reference plane and planar 



conductive element at a second frequency to define 
a second antenna resonant frequency. 

2. An antenna according to claim 1 , wherein the first 
5 coupling means defines a first electrical reference 

point on the planar conductive element. 

3. An antenna according to claim 1 or 2, wherein the 
second coupling means defines a second electrical 

io reference point on the planar conductive element 
when the second coupling means provides a lower 
impedance path between the electrical reference 
plane and the planar conductive element. 

15 4. An antenna according to any of the preceding 
claims, further comprising a feed section for supply- 
ing a signal to the antenna. 

5. An antenna according to claim 4, wherein the feed 
20 section comprises the first coupling means and a 

conducting element arranged parallel to each other 
with the conducting element being connected to a 
feed such that the first coupling means and the con- 
ducting element form a transmission line. 

25 

6. An antenna according to any of the preceding 
claims, wherein the planar conductive element is 
disposed opposite the electrical reference plane. 

30 7. An antenna according to any of the preceding 
claims, wherein the lower impedance is less than 5 
ohms. 

8. An antenna according to any of the preceding 
35 claims, wherein the second coupling means com- 
prises a filter. 

9. An antenna according to any of claims 1 to 7, where- 
in the second coupling means comprises a switch 

40 movable between a first position for electrically iso- 
lating the electrical reference plane and planar con- 
ductive element and a second position for electri- 
cally coupling the electrical reference plane and pla- 
nar conductive element. 

45 

1 0. A mobile radiotelephone having an antenna accord- 
ing to any of the preceding claims. 

11. A portable radio device having an antenna accord- 
50 jng to any of the preceding claims. 
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